Abstract. The Daya Bay reactor neutrino experiment is located at the Daya Bay nuclear power plant in Shenzhen, China. The experiment deploys eight "identical" antineutrino detectors to measure antineutrino fluxes from six 2.9 GW th reactor cores in three underground experimental halls at different distances. The target zone of the Daya Bay detector is filled with 20 t 0.1% Gd doped LAB liquid scintillator. The baseline uncorrelated detector uncertainty is ∼0.38% using current experimental techniques. Daya Bay can reach a sensitivity of < 0.01 to sin 2 2θ 13 with baseline uncertainties after 3 years of data taking.
INTRODUCTION
Neutrino oscillation due to neutrino mass eigenstate mixing has become a well established theory accounting for the solar, atmospheric, long-baseline and reactor neutrino experimental observations in recent years [1] . In the PMNS neutrino mixing matrix, we currently have relatively good knowledge of the values of θ 12 and θ 23 from solar, long-baseline reactor neutrino experiments, atmospheric and long-baseline accelerator neutrino beam experiments. However, we still have limited knowledge about the third neutrino mixing angle, θ 13 . The current best direct experimental limit, from the Chooz experiment, indicates that sin 2 2θ 13 < 0.20 at 90% confidence level (C.L.) assuming ∆m 2 32 = 2.0 × 10 −3 eV 2 [2] . The Palo Verde experiment established an upper bound of sin 2 2θ 13 < 0.4 assuming the same ∆m 2 32 value [3] . We currently have no measurements of the Dirac CP phase δ in the mixing matrix since θ 13 value is not known. The value of θ 13 is also essential for the planning of next generation long baseline neutrino experiments [4] .
One way to measure the value of θ 13 is to measure survival probabilities of electron type antineutrinos from nuclear reactors at the scale of the atmospheric masssquared splitting:
Pν e →ν e = 1 − sin 2 2θ 13 sin 2 1.27
where ∆m 2 31 ≈ ∆m 2 32 is assumed. This was the technique used by both Chooz and Palo Verde experiments. However, both experiments only deployed one detector. To improve the sensitivity, one solution is to use multiple detectors at different distances to cancel correlated systematic uncertainties. With many other improvements, the 1 ww@hep.wisc.edu Daya Bay reactor neutrino experiment is designed based on this near-far strategy to measure the sin 2 2θ 13 value down to < 0.01 level [5, 6, 7, 8] .
THE DAYA BAY EXPERIMENT
The Daya Bay reactor neutrino experiment is located at the Daya Bay nuclear power plant in Shenzhen, China. The experiment deploys eight "identical" 20 t antineutrino detectors (AD) in three underground experimental halls: the Daya Bay near hall (DYB), the Ling Ao near hall (LA) and the far hall. Figure 1 shows the layout and the arrangement of six 2.9 GW th reactor cores and 8 ADs. Table 1 shows the baselines between different reactor sites and experimental sites. Table 2 shows expected numbers of inverse beta decay (IBD) events, the depth, the muon rates and estimated backgrounds of each experimental site. 
DESIGN AND PERFORMANCE OF THE DETECTOR SYSTEM
As shown in The relative energy scale uncertainty of ADs is expected to be 1% and 2% at 6 MeV and 1 MeV respectively. Figures 3 and 4 show the prompt positron and the delayed neutron capture energy spectra and cut positions. The 1 MeV positron cut efficiency is greater than 99.5% and its uncertainty is negligible. The 6 MeV Gdcaptured neutron cut efficiency is ∼91.5% and its uncertainty is ∼0.22%. Adding all factors, we expect the baseline value of the uncorrelated detector systematic uncertainty ∼0.38%; the goal value of ∼0.18% is achievable with ongoing R&D; swapping the ADs between near and far sites is a possible option and it can further reduce the uncertainty to ∼0.12% [7] .
ADs at each experimental site are submerged in a muon veto system which is a water Cherenkov detector covered by four layers of RPCs. Dimension of the water pool provides at least 2.5 m water shield to ADs in every direction. Based on our simulation, the muon veto efficiency is expected to be > 99.5% and the muon event rate at each site is shown in Table 2 .
To make ADs as "identical" as possible, we build acrylic vessels and fill ADs in pairs. The assembly of ADs is performed in the surface assembly building (SAB) near the Daya Bay tunnel entrance and the filling of ADs is carried out in the LS Hall inside the tunnel, see Fig. 1 . A custom designed automatic guided vehicle is used to move empty and filled ADs to different halls and sites. For a more detailed description of the Daya Bay detector system and its assembly, transportation and installation, see Ref. [7] .
SENSITIVITY
The Daya Bay sensitivity is calculated using the pull method [9] . Considering all systematic uncertainties, the chi-square is defined as where, M A i and T A i are the measured and expected IBD events in the i-th energy bin of the A-th detector; F A i , N A i and S A i are the accidental, fast neutron and 8 He/ 9 Li backgrounds; α, β , ε and η are nuisance parameters; r is the reactor core index. Systematic corrections to the expected number of IBD events in each bin is considered in the following way,
here T A 0,i are expected IBD events without considering systematic effects and ω A r are reactor flux weight factors due to their different baselines.
Systematic uncertainty values used in the calculation are shown in Table 3 . The value of the bin-to-bin systematic uncertainty 0.3% is based on background estimations in each bin [7] . We have assumed conservative uncertainties on reactor antineutrino flux prediction [10, 11, 12, 13] and correlated detector effects, which are mainly due to IBD cross section uncertainty [14] . Minimizing the chi-square with respect to all nuisance parameters, we are able to predict the Daya Bay sensitivity as shown in Fig. 5 and Fig. 6 . 
SUMMARY AND CONCLUSIONS
The unknown third mixing angle θ 13 in the PMNS neutrino mixing matrix is the gateway to CP physics in lepton sector and the planning of next generation long baseline neutrino experiments greatly depends on its value. Using the six 2.9 GW th reactor cores at the Daya Bay nuclear power plant in Shenzhen, China, the Daya Bay reactor neutrino experiment deploys eight "identical" detectors at three experimental sites. The near-far arrangement of these eight "identical" detectors cancels the correlated uncertainties in reactor antineutrino fluxes and antineutrino detectors. The Daya Bay design makes swapping ADs a possible option. With baseline systematic uncertainties, the Daya Bay experiment can reach a sensitivity of sin 2 2θ 13 to < 0.01 with 3 years of data taking. Ongoing R&D and the optional swapping can further improve the sensitivity.
